Wastewaters discharged into surface waters highly impacted humans and living aquatic organisms particularly when the treatment applied to reduce chemical and biological pollution is not appropriated. Biological treatment systems are often applied for the treatment of domestic wastewaters. These systems are limited when applied to the treatment of hospital wastewaters. In this study, we evaluated the efficiency of natural lagoon system, applied to treat combined wastewaters from hospital and from residences of nursing students. Results show that the lagoon system remove 98% of COD, 87% of BOD, 95% of TSS and 92% of total nitrogen. Arsenic and copper are removed (40%), but lead and cadmium concentrations increase in the effluent. Globally, the concentrations of nutrients and heavy metals, in the effluents, are inferiors to the limit values proposed by the Ivorian guidelines for water pollution. However, the reuse of effluents for irrigation of crops likely to be eaten uncooked is not recommended because of the high concentration of fecal bacteria (1.00 x 10 5 CFU E. coli. 100 mL -1 . The disinfection process must be implemented after biological treatment to ensure the elimination of pathogenic microorganisms present in the effluent and sludge, before their reuse in agriculture.
Introduction
Domestic and industrial activities produce large quantities of wastewater that containing various types of pollution (organic, pesticides, pathogenic microorganisms and Endocrine Disrupting Chemicals (EDC)). These wastewaters are sometimes discharged into surface water without any treatment. The pollutants present in these wastewaters can affect human's health and disturb ecological functioning of aquatic systems. In developing countries, the lack access to proper sanitation and global policies to manage wastewater (implementation of wastewater treatment plants) are responsible of raw wastewater discharge into surface water without treatment. Recently, in many African countries, efforts have been done to implement wastewaters treatment plants (WWTPs) for domestic and industrial wastewaters management. The stabilization pond systems (SPS) are the most WWTP technology used to treat domestic and also industrial wastewaters [1] . The SPS are composed by lagoons which applied physical treatment and biological treatment. The lagoon system requires constant monitoring to ensure their smooth operation otherwise the declining state of the system is observed [2] . Thus, effluent highly impacted humans and living aquatic organisms. In Côte d'Ivoire, since these two last decades, lagoon systems were implemented to treat industries and also domestic wastewaters. Recently, this technology was applied for the treatment of combined domestic and industrial wastewater in the north of the country. In general, the hospital wastewaters and domestic wastewaters are treated separately because of the limitation of classical biological system to eliminate micro-pollutants and other chemicals pollutants present in the hospitals wastewaters (Antibiotics, Iodinated contrast media, Estrogens). In spite of these limitations, the possibility to co-treat hospital and domestic wastewaters is now a serious option proposed [3] . Thus, a rigorous lagoon system or activated sludge can support the pollutants charges from these wastewaters.
In this study, the wastewaters from Regional Hospital Center (RHC) and from Medical Training Center (MTC) are treated by natural lagoon system composed by three lagoons. After treatment, the effluents are reused by farmer for irrigation of crops likely to be eaten uncooked without any control of water quality. In the scope of this study, we evaluate the quality of the effluents, the efficiency of the natural lagoon system to treat the combined domestic from MTC and hospital wastewaters from RHC.
Experimental Methods

Study Area
Study was performed at Korhogo (9°27′N 5°38′W), the fourth most populated Ivorian city. With more than 327,030 inhabitants [4] , this city is located in the North of Ivory Coast (West Africa). The watershed of Korhogo is mostly composed by urban area and agriculture area including breeding. The whole domestic wastewaters of the city are drained into the only one municipal lagoon system excepted for the hospital (805 equivalent inhabitants) and the medical training center (equivalent 813 inhabitants). These are drained into the Medical Training Center WWTP. It is a natural lagoon system composed by three lagoons covering an area of 2136.9 m 2 . The WWTP of medical training center of Korhogo has a nominal capacity of 300 m 3 day -1 and is equipped by a primary treatment system in order to remove solid particles (screening system). The effluents of the WWTP are discharged into a small river located 500 meters from the WWTP via a buried collector. Along the river which receive effluent of WWTP, the farmers growth the salad, cucumber, carrot.
Wastewater and Sediment Sampling and Processing
Our experimental studies were performed in the natural lagoon system of the medical training center of Korhogo. This WWTP received the wastewaters from the Regional Hospital Center and also sewage waters from the medical students' dormitories. Samples were collected during two days, from 04.30.2019 at 2 pm to 05.01.2019 at 5 pm. Three samples were collected at 13 stations for in situ physical and chemical parameters and at 4 stations for microbiological parameters and others chemicals specifics pollutants ( Fig. 1) .
In-situ analyses and the other physical and chemical parameters were performed following the specific requirement of standard rules analyses. These methods are well described by Tolulope et al. [5] . The Table 1 indicates the parameters which have been analyzed, the methods and references used for each parameter. Thus, in-situ parameters such as pH, dissolved oxygen, conductivity, turbidity, TDS were measured in the WWTP of medical training center (Korhogo, Ivory Coast). For *Corresponding Author:nouho_koffi@yahoo.fr(Ouattara Koffi Nouho) https://doi.org/10.30799/jespr.183.19050404
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microbiological parameters (E. coli and intestinal enterococci) and chemicals parameters (BOD, COD, total nitrogen, total phosphorus, oil and greases, total suspended solids, heavy metals) samples were sent to Abidjan (more 600 km distance) for laboratory analysis. Samples brought in the laboratory were kept in the better preservation conditions (4 °C temperature and acidic conditions for nutrients) during the transport. Microbiological parameters analyses were performed in the Laboratory of Environment and Aquatic Biology (LEBA, Nangui Abrogoua University in Ivory Coast) while the chemical parameters were performed in National Laboratory of Quality Testing, Metrology and Analyzes (LANEMA, Abidjan, Ivory Coast). The sediment samples were sent to the center of analyses and research of the national petroleum group (PETROCI, Abidjan Ivory Coast) for the heavy metal analyses. 
Physical and Chemical Parameters Analyses in Water and Sediment
Ouattara et al. [6] reported that nutrients, temperature, pH, conductivity, TSS and dissolved oxygen are some key parameters that play a vital role in the life of an aquatic system, particularly for the growth of microorganisms in the water body [7] and also in the biogeochemical cycles. At certain concentrations these pollutants are toxic to the aquatic environment. Their importance on the evaluation of water quality affected by sewage waters is well described by Erich et al. [8] . Another parameter which can help to determine the load of pollutant discharged into the natural aquatic system is the flow rate. This flow rate when multiplied by the concentration of a pollutant can permit to determine the load of this pollutant. In this study, the flow rates used to calculate the load of pollutants in the influent and the effluents was determined by measuring the volume of water passing by a point through an area during a period of time. In the scope of this study, six parameters were measured in-situ during the whole study period. Temperature, TDS, turbidity, conductivity dissolved oxygen and pH were measured using multi-parameter HACH HQ40D, according to standardized protocols of Rodier et al. [9] .
Nutrients and Heavy Metals Concentration
Water samples were collected in the influent, the effluent of WWTP in order to determine the organic matter composition (COD and BOD), the total suspended solids, the nitrogen, the phosphorus, the oil and grease content in the water column. The concentration of these parameters in the water samples is key element to determine the water quality of the effluent but also to analyze the efficiency of the WWTP. The method and reference used to analyze these parameters are described in the Table 1 .
The effluent and influent samples were also collected to determine the concentration of heavy metals in these samples. The sediments of the lagoon were also sampled to determine their content in heavy metals. These analyses were performed in order to evaluate the possibility to reuse the effluent of WWTP for agriculture and to determine efficiency of the lagoon treatment system to remove heavy metals.
Microbiological Analyses
Traditional Culture based Methods for E. coli and Intestinal Enterococci
Following the method described by Ouattara et al. [6] , E. coli and IE were enumerated in the wastewater samples. Briefly, E. coli and Intestinal enterococci were determined by standard plate counts on TBX (E. coli) and Slanetz and Bartley agar (Bio-Rad Laboratories, Inc.). These chromogenic growth media were shown to be highly specific to their corresponding indicator bacteria [10, 11] . These high levels of specificity were confirmed on samples from surface waters and sewage waters before analyses. Slanetz and Bartley supplemented with TTC (0. 2%) plates were incubated at 36 °C for 24 h then at 44 °C for 2 h before enumeration. TBX plates were incubated at 44 °C for 24 h. Plate counts were expressed as colony forming units (CFU) per 100 mL of sample. The protocols used to detect E. coli (TBX agar) and IE (Slanetz and Bartley agar) are well described by Vergine et al. [12] and Tiwari et al. [13] respectively. Atomic absorption spectrometry method and microscopy method using a scanning electron microscope Oil and Greases Hexane extractable gravimetric method Table 2 presents the concentrations of chemical parameters and the values of the physical parameters measured, in-situ in the influent and the effluents of the WWTP lagoon treatment system. Globally, the temperatures values, in all the sampling stations varied between 26 °C and 32 °C in the whole WWTP drainage network system. In the effluent, the temperature ranged between 29 -32.4 °C. These values are lower than the limit value recommended by Ivorian guideline (temperature must be inferior to 40 °C). The pH values in the effluent are globally higher than the reference value of the Ivorian guideline limit of 9.5. The conductivity values in the effluent ranged between 469 -514 µs/cm. The TDS of the effluent value ranged between 238 -257 ppm. The reference values of these two parameters are not specified in the Ivorian guidelines for water quality. These values were compared to the reference value proposed by Kahila et al. [14] concerning the reuse effluent for agriculture which are 0-3 dS/m (0 -3000 µs/cm) and 0-2,000 mg/L (or ppm) for conductivity and TDS respectively. Thus, the conductivity and the TDS values in the effluent are lower than the reference value indicating that the reuses of these effluents for agriculture purpose do not present a specific health risk concerning these in-situ parameters.
Results and Discussion
Physical and Chemical Parameters
In-Situ Parameters
The dissolved oxygen concentrations are relatively low in the three lagoons and also in the WWTP effluent. The average value of dissolved oxygen in the effluent is inferior to 60%, the reference value of dissolved oxygen in the effluent. The low dissolved oxygen values in the effluent could have a negative effect on the activities of aerobically microbial in the recycling of organic matter in the water.
Chemical Parameters (Nutrients) in Wastewaters
The nutrients levels in the effluents are key parameters in the evaluation of water quality because their strongly impacted the aquatic systems. The concentration of nutrients and the limit values of these nutrients that can be discharged into aquatic system are indicated in the Table 3 . The average values of COD and BOD5 in the influent were 463 mgL -1 and 300 mgL -1 respectively. The BOD5 represents the part of COD that can be oxidized by micro-organisms justifying the fact that COD was higher than BOD5. The proportion of the biodegradability part of this organic matter represents more than 50% of the COD. The application of biological treatment to these influents could be accepted even if the nonbiological oxidative part of organic materials in the water is not negligible. The BOD is composed by two fractions: the dissolved BOD and the particulate BOD. The dissolved BOD5 represents more than 73% of the total BOD in the influent and more than 94% in the effluent. The total suspended solids (TSS) is composed by two fractions: The volatile suspended solids (VSS) and dry solids. The VSS represents 89% of the TSS in the influent and 75% in the effluent. TSS is highly composed by biological material then could be easily degraded in the natural surface waters. The biological treatment removed 98% of COD, 87% of BOD, 95% of total suspended solids and 92% of total nitrogen. The concentration of total phosphorus, oil and grease and phosphate were in the effluent than in the influent. Thus, an increase of 54% for PT, 50% for oil and grease and 39% for phosphate were recorded in the water samples. 
des Rejets et Emissions des Installations Classées pour la Protection de l'Environnement. For COD, BOD, TSS and oil and grease, the limit depend on the flux of these parameters in the influents
Globally, the concentrations of BOD, COD, oil and grease, TSS, nitrogen and phosphorus in the effluent are lower than the guidelines values recommended by Ivorian national policies for the effluents (Table 3) . Table 4 presents the concentration of cadmium, lead, arsenic and copper in the influent and the effluent of wastewater treatment plants. The values are expressed as the quantity of pollutant per volume of wastewater analyzed. For lead and cadmium, the concentrations are lower in the influent compare to their concentrations in the effluent. For arsenic and copper, more than 40% of these heavy metals were removed by the lagoon treatment system. The concentrations of these heavy metals are lower than the acceptable level required for their discharge into natural surface waters following the Ivorian guidelines for water. This law does not indicate the reference values for the use of these effluents for agriculture. Based on the international reference values proposed by WHO [15] and Vélez et al. [16] for water reuse, the concentration of heavy metals observed in the effluent are lower than the limit values recommended. With these concentrations, effluent used for irrigation of crops (tomatoes, cucumbers, etc.) do not present a sanitary risk. 
Heavy Metals Concentration in the Water Column
Microbiological Parameters in the Water Column
Five sampling stations were identified to determine the concentration of fecal indicator bacteria E coli and intestinal enterococci in order to evaluate the microbiological quality of effluent and also analyses the efficiency of WWTP concerning the removal of FIB. The concentration releases by WWTP were also compared to the level observed in the river in order to appreciate their potential contribution in the pollution of the river. Abundances of FIB released are 1x10 5 and 5x10 4 CFU 100 mL -1 for E. coli and intestinal enterococci respectively ( Table 5 ). These values are in the same order of magnitude with the concentration in the effluents of classical biological WWTP. When we compared these concentrations to those observed in the river (upstream and downstream from the river) there is no significant difference. However, the concentrations of FIB in the effluent are higher than those recommended by the guidelines for the microbiological quality of treated wastewater used in agriculture [17] . The reuse conditions for Irrigation of crops likely to be eaten uncooked indicate that the concentration of fecal coliform should be less or equal to1000 CFU 100 mL -1 .
The efficiency of this WWTP concerning the removal of FIB is around 2 log units for both indicators bacteria. This efficiency is also reported by Sheludchenko et al. [18] highlighting the fact that biological treatment systems are able to remove 90% of fecal bacteria or more in the wastewaters. 
Chemical Parameters in the Sediments of the Lagoon
Analyses were performed in the sediments of the lagoon systems. These sediments are often used as fertilizer in urban agriculture. Presence and concentration of some chemical agents (Pb, Cr, As, Cu, Cd and Hg) represent sanitary risks for populations. Table 6 presents the concentration of zinc, copper, chromium, lead, nickel, cadmium, selenium, mercury and arsenic present in the sediment of the lagoons. Excepted Cd, Se and Hg, the whole heavy metals were identified as molecules composed by oxygen and the atom itself. Arsenic < 0.7 0.0007 *Data corresponded to the sediment of the lagoon analyzed with electronic microscopy coupled to Energy Dispersive X-ray Spectrometry (EDS) (FEG Supra 40 VP-Zeiss)
The parameters like zinc, chromium, copper and lead are the most important chemical agents present in the sediment. There was a factor 10-100 between their values and those of cadmium, selenium, mercury and arsenic. the concentration of heavy metals was also expressed as mass of chemical agent per mass of total sediment in order to evaluate the possibility of sediment reuse as fertilizer in agriculture without any sanitary problems. Following the recommendation of biosolids in agriculture based on the concentration of heavy metals, the concentration of As, Cd, Cr, Hg, Ni, Pb, Se observed in this study are lower than those proposed in USA [19] , in Europe [20] .
The concentrations of physic and chemical parameters of the effluent discharged by the biological WWTP are lower than the guidelines values proposed by the Ivorian environmental policies [21] . Globally, these wastewaters are very weakly charged. The wastewaters from students' dormitories at MTC are highly diluted because of water leaks in the collector's network.
The compliance with discharge standards of release does not necessarily imply the reuse of these waters for irrigation for example. As demonstrated by our study, these waters contain high level of fecal bacteria (10 5 CFU 100 mL -1 and 10 4 CFU 100 mL -1 for E. coli and IE respectively). At these concentrations we cannot exclude the presence of pathogenic microorganisms (Vibrio, Salmonella, Ascaris and Trichuris etc…) in these waters. The presence of heavy metals and their concentrations also highlighted the worse quality of these waters for agriculture. The reuse of treated water for irrigation may be conditioned by many criteria to preserve the health of populations [22] .
The presence and the high concentration of heavy metals and other complex chemical compound in effluent of WWTP indicate a potential connection to industrials or hospitals wastewaters. These wastewaters are more complex to be treated because of the presence of multiresistance microbiological pathogens, the hazardous chemicals, the pharmaceuticals and the radioactive isotopes. The management of these sewage waters was to limit the discharge of Hazardous liquid to domestic sewers. The connection of health-care establishment's wastewaters to "municipal or domestic" sewage treatment plant is possible and required many conditions such as the good efficiency of biological treatment system and quantities of toxic chemicals/pharmaceuticals. Then a "secondary bacteriological treatment of sewage, properly applied, complemented by anaerobic digestion of sludge, can be considered as sufficient". In our case, waters were discharged into the river after lagoon treatment system and there was no anaerobic digestion of sludge.
In this study, the efficiencies of biological treatment are: 88-89% for organic matter content (COD and BOD) and 2 log -3 log unit removal for IE and E. coli respectively (90-99%). These efficiencies were also observed by Amouei et al. [23] who investigate efficiencies of wastewaters from four hospitals in IRAN during 2010 to 2011. Rezaee et al. [22] also indicate similar efficiency values for organic matter removal with a coupled aerobic and anaerobic biological treatment system applied to wastewater from Shevom Shaban hospital (Iran). However, the fecal bacteria removal in our case study were higher than the 1 log unit and 2 log unit observed by these authors. The long residence time of lagoon system contribute to increase their fecal bacteria removal efficiency when compared to other biological treatment systems.
The assumption that hospital and urban wastewaters are similar and can be co treated by the same treatment system pose a serious problem because of the presence of organic micro-pollutants (active pharmaceutical compounds) sometimes only present in hospital wastewaters and difficult to remove by classical treatment. Novel technologies such as the membrane biofilm bioreactor (MBBR) or Sponge-MBR combined with ozonation process are more suitable for the elimination of these compounds (endocrine disrupting compounds) [24, 25] .
Based on our results and finding, the reuse of effluent in agriculture do not pose a health problem concerning the heavy metals concentration. However, the concentrations of fecal bacteria in the effluent, limit the reuse of the effluent in agriculture particularly for crops likely to be eaten uncooked [17] . Additionally, Ait-Mouheb et al. [26] reported that the fecal bacteria present in these wastewaters also develop multi-resistance to antibiotics. The practice of effluent reuse in agriculture is highly disseminated around the world [27] . Recently in Africa, studies were performed to evaluate the opportunities to reuse effluent for agriculture and the results indicate many limitations such us the controls of water quality before their uses [28, 29] . The main recommendation was safety conditions that must be guaranteed before reuse in agriculture particularly for urban crops likely to be eaten uncooked. The monitoring studies must integrate the new micro pollutants often present in the effluent of wastewaters from some industries and hospitals. Then, the reevaluation of the treatment technologies must also be undertaken and the application of novel technologies able to remove efficiently the micro pollutants must also be implemented.
During the biological treatment, there was an important sludge production. These are removed periodically in order to improve the lagoon treatment system. The sludge removed from lagoon system are often dried and used as fertilizer without specific monitoring studies focused on the presence and the concentration of micropollutants (heavy metals and pharmaceuticals) and pathogenic microorganisms (bacteria, virus and protozoa). The presence of heavy metals, pharmaceuticals and pathogenic microorganism in the sludge from WWTP is reported in many studies [30] [31] [32] .
In our study, the results indicated the presence of low quantities of heavy metals (Pb, Cr, As, Cu, Cd and Hg) in the sludge from lagoon system. The comparison performed between these values and those are reported by EEA [33] , indicated that the concentrations recorded were lower than these references values.
The reuse of biosolids must also respect the microbiological quality of sludge before application in agriculture. Today, many technics are proposed to remove efficiently the pathogenic microorganisms present in the sludge [34] . Amount these processes the main technology often used is air drying process in Sub Saharan African countries because of the temperature. The removal of fecal bacteria using the air-drying process seems to be efficient with around 2 and 3 log removal of FIB.
Conclusion
Natural lagoon system involved biological process that break down organic matter and recycle nutrients in order to guarantee the quality of the effluents. This technology is applied worldwide for domestic and specific industrial wastewaters (food industries). The application of this technology to treat separately hospital wastewaters and combined hospital and domestic wastewater is now suggested by sometimes criticized because of the presence of pharmaceuticals, and other heavy metals in the influent. The present study examines the efficiency of a natural lagoon system to treat combined sewage water from domestic and hospital origins. The results indicate that natural lagoon system proposed is able to remove organic pollutants, nutrients and heavy metals. The quality of effluent was in concordance with the limit values recommended by the Ivorian guideline for water quality. Additionally, the concentration of the different parameters examines indicate that the reuse of water does not present a specific health risk excepted for microbial parameters. We also found that the sediment could be reuse for agriculture even if the airdrying process has some limitation about the removal all pathogenic microorganisms.
This study completes our knowledge on the ability of natural lagoon system to treat efficiently the major chemical pollutant and offer the possibility to reuse the effluent and the bio solids as fertilizers in agriculture. The major limitation of this study is the determination of pharmaceuticals and ECC which are now considered as serious pollutants, detectable with novel technology of analyses. It should be therefore important to complete the monitoring process of effluents and sludge by including the micro-pollutants before their reuse in agriculture. The safety of population depends on it.
